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THEORETIC OPTICS. 
CHAPTER I, 
REFLECTION 


I. Plane Mirror. 
A, Single Mirror. 
l. Properties, 

A plane mirror possesses the remarkable 
property of converting a homocentric bundle of 
rays into another homocentric bundle of rays. 
No other optic&l device is capable of this ex- 
cept under conditions that are impracticable, 

"To every homocentric bundle of incident 
rays reflected at a plane mirror there corre- 
sponds also a homocentric bundle of reflected 
rays," 1 l 

Because of this, it can be easily shown 
that: 

a. Images formed by a > rfor are al- 

ways virtual, 

b, Lines joining corres ing points in an 
object end its im are always bisected 
et right angle Q he mirror. 

2. Formation of Images Metrical). 
a. General. 

(1) Take a gral case; make no assump- 
tions Qyneline the object with re- 
spect 0 the mirror. 

(2). iÉtinctive marks to show if the 
ee is inverted or erect. . 
©) e unbroken and broken lines, or dif- 
ferent colors, to distinguish the 
O "object" and "image" portions of the 
O diagram. 


SS Specific 
Vi Method 2nd Method 
MM J 


resents a plane mir- From each extremity of the 
el nd OO' the object. object, draw a pair of di- 
ron the extremities of vergent rays; (0A,0B) and 
M he object drew two lines (o'C, OBE 


S 


— M — . 
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OA and OB perpendicular to At the points of inci- 
MM' and extend them back of dence, draw the reflected 
MM' so that OA = AT and OB rays (AF, BH) and (CJ,DK). 
- BI'. Traject these pairs of 
Now draw two convergent reflected r&ys backwards 
lines OC and 0'D from the until they meet at I and I' 
extremities of the object; respectively. 
and at C and D drew ihe re- II' represents the image. 


flected rays. They vill 
meet after reflection at E. 
EC and ED extended be- 
yond MM‘ should pass through 
‚I and I' respectively. | 

II' reoresents the image. 


o, Field of View. 
2. Explanation, ] 
The open or visible space commanded by ۱ 
the eye is called the field of view, 

The field of view of a m mirror is 

enclosed by the outermost EN which when 
reflected, will enter t server's eye, i 
1 Anything within this will be seen by 
the observer, while hing outside will 


tour of the p mirror. It is the same 
as if the opsewver were looking into the 
image-spa hrough an aperture which coin- 
cided wy he place occupied by the mirror. 


| ی 


not be seen. 
The field > OQ is limited by the con- 


is a plane mirror and S is a point- 
۰ Egurce of light within its field of view, 
W^ 0! is the center of the observer's 


MES pupil, while J' and B' are ihe outside 
NS limits of that pupil. 
N J,0, and B are the images of J*,0' and 
A B' respectively. 
he, Join S to the image-points J,0, and B; 
Ò and where these lines intersect the mirror : 
A? MM' join the points of intersection to 
N : 
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their respective object-points J',0', and 


These letter lines are divergent; so 
that if trajected backwards they will meet 
at a point S'. 

S' is the image of S, 


c, Definitions, 
(1) Field Stop. 

"Any &gent which limits the extent 
of the field of vision in an optical 
system." 

(2) Aperture Stop. 

"Any agent in an optical system 
which regulates the angular apertures | 
of the cones of rays entering the 
observer's eye from each point of a 
luminous object." 

(Notes: 

(&) The field stop rols the 
extent of MX :0 of view, 
(b) The apertur op controls 
ihe brigh s of the source.) 
(3) Entrance Pupil. 

"The ‚me sie opening or virtual 
stop towardg Wa£ch the incident rays 
must all vp irected in order to be 


OEA 


reflecte to the observer's pupil, 
is cal the "entrance-pupil" of the 
opti ystem," 


S the image of the aperture 
as seen by looking into an in- 
Grad in the direction of the light 
۰ coming from the object. 
ae Exit Pupil. 
"The imege of the aperture stop as 


seen by looking into an instrument 
from the image side," 4 


S In the optical system comprising 1 
NO the observers eye and a plane mirror, 1 
Ò the observer's pupil itself is called | 


Q) the "exit-pupil. 
sv 
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d. Calculations (Reversed Test-Types). 

The size of the smallest mirror which 
will just reflect all of a test-chart de- 
pends upon:- 

(1) The size of the chart (S,). 

(2) The distance of the chart from the 
mirror (d,). 

(3) The distance of the observer from the 
mirror (a). 


CC! represents the chart and MM’ the 
mirror, 

P represents the patient's eye pes P' is 
its image, 

The whole chart will just be reflected in 
the mirror when it just comes within ihe 
field of view, 

Now the triangles CC'P' and MM'P' are sim- 
ilar, 


Q:- 
SS When the chart is just above the head 
NS of the patient, then dy = dg and the 
~\ mirror necessary is just one-half the 
NS size of the chart.) 


II. Inclined Mirrors. 
À. Introduction, 

When a luminous point lies in the dihedral 
angle between two inclined, plane mirrors, some 
of its rays will fall on one mirror end some ‘on 
the other, while some will be successively re- 
flected from both mirrors before they finally en- 
ter the eye of an observer. Consequently there 
will be several images formed; the number depend- 
ing upon the angle of inclination of the mirrors. 

It is a matter of geometrical proof to show 
that all these images will lie on the circumfer- 
ence of the circle whose center is the point of 
intersection of the mirrors and whose radius is 
the distance from this point to the object-point. 

B. Formation of Images. 
1. Special Cases. 
2. Equal Sectors. 
. The easiest case to understand is that, 
in which the 360% of the EN passing 
through all the images, i exact multi- 


ple of the dihedral an etween the mir- 
rors. The formula 2o lculating the 
number of images is n as follows:- 


e O و‎ 
تیب‎ mad xe uding the object). 


(Where A° is the number 
of degrees in the dihe- 
dral angle, ) 


or 


b. parker Mirrors. 
+ CaTheoretically, the number of images is 
Q inite, because S60 = yw. 


SS Practically, the number of images seen 
depends upon the intensity of the light 
source, 


2, General Case, 
Ò Because there are two inclined mirrors it 
AP follows that each mirror will have its own 
N 5 


Ge 


series of images, The number in each series 
depends upon the position of the object; that 
is, upon the angle that the line joining the 
object with the point of intersection of the 
mirrors, makes with each mirror. 

Let the images formed by reflection first 
at CM be known as the P-series; and those form- 
ed by reflection first at CR be known as the 
Q-series. 

Then, the total number of images of the 
P-series, whether it be odd or even, is given 
by the integer next higher than:- 


180 - B -- ous d X 
“Tit BT P — 
and of the Q-series by the integer next higher 
than:- 
9 


(A + B) 


2۷ 
(Note: S 


Ihe only contain his rule is when 
(A 4- B) is contain ود‎ (10098) or (180=B) 
an exact un es. We must then 


take the ie eger obtained by the 
en 


To trace aths of the rays by which a 
spectator ing in front of a pair of inclined 
mirrors So image of a luminous point, pro- 
ceed as lows: - 

1, iO the point of intersection of the mirrors 
center, construct a circle which will pass 
Shonen the point representing the light 
source, è 
. On this circle mark the position of every 
image, dividing them into a P-series and a 
Q-series, 


C. TS & Paths. 
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3. Draw a straight line from a given image-point 
to the eye; for it is along this line that 
the light entering the eye arrives. 

4. Join the point where this line crosses the 
mirror in which the image is produced, to the 
next image-point in the series, 

5, Now join the point where the latter line 
crosses its mirror to the next image-point in 
the series, and continue until you finally 
arrive at the light-source. 


(Note: If, on joining a point of intersection to 
the next image-point in the series, the 
line would not cross its mirror, then 
that image will not be seen by the eye 
and it may be omitted from the series.) 


D. Successive Reflections. 
10 Proposition. 
"If a ray lying in a principal keetion is 
reflected successively at two p mirrors, 
it will be deviated from its dPjEinal direc- 


tion by an angle equal to t the dihedral 
angle between the mirror gO 
2. Proof, 


There are two pos solutions, as il- 
lustrated in the adfeomfanying diagrams. 


9 


Diagram 1, QP aeran 2. 


Case 1, Case 2. 


To prove PQT = 2MOR 


PQT = QTS + QST PST = STQ + SQT 


e 2KTS + 2KST ... SQT = PST - STQ 
z 2(KTS « KST) s 2JST - 2STK 
= 2(180 - TKS) = 2(JST-STK) 
= 2SKT 
But 
TKS + KSO + KTO + MOR $3609 But in the as WOT and WKS 
and KTO + KSO = 1809 TWO = SWK 
۰ ۰ MOR + TKS = = WTO = WSK 
and (180 = TKS) = Vg WOT = SKW = SKT 
Hence im Hence:- 
2(180 - TKS) = 2MOR, SQT = 2SKT - 2WOT 
i.e. POT = 2MOR. i.e. POT = 2MOR, 
III. Application of & Plene Mirror. A | 
A, Optometrical, Qv | 


2, Retinoscope. 
B. Other applications. NS 
م1‎ Porte Lumiére, 


This is a plane A mounted so as to be 


1. Doubling the testing-space, L 


capable of rotation ut two rectangular 
axes, whereby it mabe readily adjusted to 


any desired azi and reflect a beam of 
light to any, ed place. 
Owing CN diurnal movement of the sun, 


& conti Saa of the mirror is nec- 
ge the spot of light in the same | 
place €or any length of time. This adjustment | 
is i Mnvenient. To overcome this inconven- 
i Loy, a heliostat is used. 
Rosto, 
This consists of a plane mirror which is 

continuously revolved by clockwork around an 
S axis parallel to the earth's axis so as to 
preserve the same relative position with re- 


ra ۱ E 


ate 


spect to the sun, 

The heliostat is also provided with a plane 
mirror which can be fixed so as to reflect the 
rays from the revolving mirror in any required 
direction. 

Sextant. 

This is an instrument used in measuring the 
angle subtended, at the eye of the observer, 
by the line joining two distant objects. By 
its aid sailors are enabled to measure the al- 
titude of the sun and thus determine the lati- 
tude, 

The essential parts of a sextant are:- 

a. A fixed mirror with the upper half trans- 

parent (M,) 

b. A rotating mirror (Mo) 

c. A sliding scale attached to the rotating 
mirror, 

d. A telescope, 


An object H, (say the pas. sighted 
by the telescope through the unPjYvered part 
of Mj and the other object SAD (say the sun), 
is sighted after reflecti irst at Mo and 
then at Mj. The amount 9 as to be rotated 
to bring the second o into view is meas- 
ured directly by Lhe sales O and V. 

Since a reflect ray moves through twice 
the angle de seri gy by the mirror, the read- 
ings on the scaly must be multiplied by 2. To 
save the tr Qe of multiplication, the half- 
degrees OS scale are numbered as whole 
degrees. 

Because the sextant method is not accurate 
for ines greater than 120%, it is not nec- 
E to have a gradusted arc more than 60% 


er sixth part of a circle; whence the name 


> 


.AQ 
laws 


ant is derived. 
Kaleidoscope, 

This was originally a toy, devised by Sir 
Edward Brewster (1781-1868). It consists 


106 


essentially of two long, narrow strips of 
mirror glass inclined to each other at sn an- 
gle of 60° and inclosed in a cylindrical tube, 
One end of the tube is closed by ground glass 
on which are loosely disposed a lot of frag- 
ments of varicolored glass. At the other end 
of the tube is a peep-hole. 

When the instrument is held towards the 
light, an observer looking in it will see an 
exquisitely beautiful and symmetrical pattern 
formed by the colored objects and their images, 
the form of which may be endlessly varied by 
revolving the tube about its axis so that the 
bits of colored glass assume new positions. 

The device has been turned to practical use 
in making designs for carpets and wall-papers. 


IV. Spherical Mirrors. 
A, General 
l. Tangent. 

Instead of representing a sphaé¢\cal mirror 
by the arc of a circle, it is q@ph more con- 
venient to represent the mind by a straight 
line tangent to the arc ao vertex, 

2, Definition. Q 

The formulae for sp al mirrors apply to 
paraxial rays only. 

"A paraxial ray ($) one whose path lies very 

near the axis@@f the spherical surface and 

which therefokxe meets this surface at a 

point c tó the vertex and at nearly 
norma] © idence,” 
5. Terms. 
a. 2 designated by Fy and Fo are princi- 
p oci, These letters are also used to 
: gnate the principal focal lengths. 
EN e distance of the object from the vertex 
N V is represented by f4 and that of the image 
by fo. 
Ò c, C marks the center of curvature of the mir- 
ror and its distance from the vertex is 


F represented by ۰ 
MANN 
49 | 
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B. Graphical Imagery. 
Concave and Convex. 


l. From each of the two extremities of the ob- 
ject, draw two rays:- 
a, One parallel to the axis and reflected 
through the principal focus (F) 
b. One through the center of curvature (€) 
and reflected back along its own path, 
2. The point where two rays from the same ex- 
iremity meet after refiection, will be an 
image-point of that extremity, 
(Notes: 
(1) A11 images formed by a convex mirror are 
virtual. 
(2) Images produced by a concave mirror may 
be either real or virtual according to 
the position of the object.) 


C. Conjugate Formula, «c 
Le Conv 


l. Concave Mirror. irror. 


Triangles 000۲ and ICI' are Trian ES CO' and ICI' are 
similar, simi 


s, Mis GU «e 00! . 8 


0 UTC. 2 


Triangles AFV and IFI' re Triangles AVF and IFI' are 


similar, similar, 
Se 
7; 2.8 O R لان ات‎ 
نا‎ + TY 11 2 


Since AV = 00' 


MEN : 0*0 _ VF V 
ITO NITE T TF 


4 QP _ r Ker 
fo Foe F 2۳ > و2‎ Peto 


fifo = Pf - DFfo + 272 = Ff, - ff, + 28^ = 2Ff = 
EDO e 
= 275 - Ff, = 2F% - Ff, 
A uo E REN 
for RAF fF ETF f1f5F AEN: 
E شا‎ 3 s. 1 ae 
-— Tr. © F E fo 


It will be noticed that the two equations above 
are similar in form; differing only in signs. If 
we reckon all distances in front of the mirrors as 
positive and those behind as negative, we may use 
one standard conjugate formula for all mirrors, 


EXEXESES eu 
xO 


D. Magnification. 


l. Real Image. «D Virtual Image, 


and object is ter the magnification. 


AY 
x 


The ratio of iy oe dimensions of ihe image 


die: image is erect, the object and image 


4 
( ere One same side of the axis and both have sim- 
5 4 ee so the magnification is positive, 
L en the image is inverted, the object and image 


N on different sides of the axis, so that if one 
t NOD positive, the other must be negative, and the 
\ magnification is negative. 


E xv 
S 
EN em. 


A? the isosceles triangle OH 
N 


Case 1. Case 2. 
In! tn! 
Me « AB M = A'B 
XB " < 
Now: - 


Since LAVB 2 €A'VB, the right triangles ABV and 
A'B'V are similar, 


S. ZU. BV 
AB BV 

Size of Image Distance of Image (fo) 

Size of Object Distance of Object (f1) 


Making allowance for the difference in signs de- 
pending upon the kinds of images, we may use one 
standard formula for magnification. 


E. Field of View, xO 


1, General, 
When the image of inous object is view- 


ed in a spherical ger, on the assumption 
that the image is ed by the reflection of 
paraxial rays o &, the actual portion of the 
mirror that e ilized consists of a small 
circular zo ediately surrounding the ver- 
tex V. incipal section of this zone is 
— by the line GH, 

presents the center of the observer's 
pupi AS O is its conjugate, The limit of the 
emos field of view of the mirror is rep- 

ented by the lines OH and 0G (produced if. 


pora E 
O To be visible to an eye at O' all object 
points must lie within the surface of a right 


o circular cone generated by the revolution 8 
about the axis o 


سح 


the mirror. 

The contour of the effective portion of the 
spherical mirror acts, as in the case of a 
plane mirror, as a field-stop for the imagery 
produced by paraxial rays. 


Convex and Concave, 


2. Graphical Representation, 
2. Preliminaries, 
(1) O' represents the center of the ob» 
server's pupil. 
(2) J' and B' are the outside limits of that 
pupil, 
(3) O'Y is the &xis and HVG the effective 
portion of the mirror. 
(4) S is the point-source of light. 
b. Construction. 
(1) JOB is conjugate to J'O'B8'; located by 
the accepted method of conskkucting 


images. 

(2) Join S to J,0, and B. Qv 

(5) Join the points where above light 
rays cross the mir to their corre- 
sponding conju L. 07 oni ی‎ 

(4) The point S' w he last three re- 


flected rays Xatersect (produced if nec- 
essary), is Ge conjugate of 5, 


F. Problems. 
1. Show that a 
the line j 


gi» mirror bisects at right angles 

ng an object-point with its image. 
2. A test- is 12 feet from a plane mirror and 
the pati is 8 feet from the mirror, What is 
a» 1&@t possible size of the mirror in which 
ient may see & full sized reflection of 


S hart? 
3. at must be the length of a vertical, plane 
go in order that a man standing in front of 
NO ? it may see a full length image of himself? 
4. Show that the images of a luminous object placed 
between two plane, inclined mirrors all lie on 


Se a cirole, 
AO 


11, 


12, 


13. 
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How many images of an object-point can be seen 
in two plane mirrors inclined at the following 
angles:- 


(a) 909; (b) 729; (e) 60% (a) 45°, 


If, when standing between two plane, inclined 
mirrors, a man sees 4 images of himself, at 
what angle were the mirrors inclined? 

Two plane mirrors are inclined at an angle of 
50%, Show that there will be 7 or 8 images of 
a luminous point placed between them, according 
&s its angular distance from the nearer mirror 
is or is not less than 209, 

A ray of light is reflected at a plane mirror, 
Show that if ihe mirror is turned through an 
angle O, the reflected ray will be turned 
through an angle ۰ 

If a plane mirror is turned through an angle 
of 59, what is the deflection indiqated by the 
reading on a straight scale 100% from the 
mirror? 

Find the angle turned throug y a mirror when 
the deflection on a TERO cale 100 cms. 


away is 10 cms, e 

The top of a vertical Ao mirror 2 feet high 

is 4 feet from the rte The eye of a person 

standing in front © he mirror is 6 feet from 

the floor and 3 Aset from the mirror, What are 

the distances of the wall on which the mirror 
hangs of t E hest and nearest points on the 
floor tha visible in the mirror? 


Describ the dihedral angle of a glass 
prism is fleasured on a goniometer-circle, 


The 1 us of a concave mirror is 60 cms. A 
L us point is placed in front of the mirror 
Na distance of:- 


awe 120 ems; (b) 60 cms; (d) 30 cms; (e) 20 ems. 


Where is the position of the image point? 
An object is placed 1 foot from a concave mir- 
ror of radius 4 feet, If the object is moved 1 


۱ 2 
S 


15. 


16, 


17. 


18. 


19. 


20, 
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inch nearer the mirror, what will be the cor- 
responding displacement of the image? 

How far from a concave mirror of focal length 
18" must an object be placed in order that the 
image shall be magnified 3 times? 

Illustrate by diagrams, the formation of vir- 
tual images by:- 


(a) Plane; (b) Convex; (c) Concave mirrors. 
A gas-flame is 8 ft. from a wall, and it is re- 
quired to throw on the wall a real image of the 
flame which shall be magnified 3 times, Deter= 
mine the positivéf and focal length of the con- 
cave mirror which would give the required 
image? 
What is the magnification in each case, where 
an object is placed 12 inches in front of a 
mirror of 18 inches focal length; if the mir- 
ror is:- 

(a) Convex 


(b) Concave «e 


A concave and a convex mirror ch of radius 

20 cms., are placed opposi S amt sine end 

40 ems, apart on the same s. An object 3 

cms. high is placed miey between them, Find 

the position and si the image formed by 

reflection:- x 

(a) First, at the cthvex, and then at the 
concave mira, 

(b) First, &t concave, and then at the 


=v or. 

An objedt placed in front of a concave mir- 

ror atea distance of one foot, If the image 
Mhes the size of the object, what is the 


is 
coe lent of the mirror? 
N 
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CHAPTER 11.‏ 
REFRACTION,‏ 


I. Plane Surface, 
A, Snell's Lew. 
1. Velocity and Refraction, 

Refraction of light in passing obliquely 
from one medium to another of different den- 
Sity is due to the fact that the speed of 
light in the one medium differs from its speed 
in ihe other medium, 

When the velocity of light in air is com- 
pared with iis velocity in a denser medium 
the result is a number which is called the in- 
dex of refraction of the denser medium, This 
number is really a ratio between the index of 
the denser medium and the index of air, which 
is unity." 

The relation between light-spe«d and index 
of refraction may be oxpressedyég Yollows: = 


Velocity in lst medium _ i of 2nd medium 
Velocity in 2nd medium «€ ex of 1st medium P. 


" The retis tho velocities of light in a 


pair a is equal to the ratio of the 
reci ls of the indices of refraëtion 
of (thè respective media," 
Qe: - When air is one of the media, uy 
6 = land the formula becomes 


S = su) 


* Th iex of refraction of & vacuum is unity; that of 


S 1,0003. For all practical purposes we may take 
index of air as being the same as that of a vacuum. 


MN 
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2, Geometrical Construction. 
a. Explanation. 
(1) MB and CD represent a beam of light 
travelling with a velocity Vi in a 
medium of index Us 


(2) BL, perpendicular to MB and CD, repre- 
sents a wave-front. 

(3) BK and DF represent the refracted beam 
travelling with a velocity Vo in a me- 
dium of index up. 

(4) DR, perpendicular to DF and BK,repre- 
sents a wave-front. 

b. Proof, 

At the instant that the wave-front at B 
enters the denser medium, the point L, on 
the same wave-front, has still to travel 
the distance LD, 

During the time that the wave-front 
travels from L to D, the part at B has 
travelled from B to R in the é nser medium, 


Now: - 
Distance = مس‎ 
» s LD = Vie LO) 
and BR GS 

But:- 


LD _ Cos(90 K and LD = BD Cos(90=i) = 
BD => 

= ge i 
d r and BR = BD Sin r 


er 


ime. 


BD Sin i _ Ya, T 


© “ 8b Sin Y V5.7 
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Sini 


۹ 


sin r 


(Notes: - 
(1) When air is the less dense medium, uy = 1 
and the formula becomes:- 
Sin i u. 
Sin r 

(2) When the angles i and r are very small 
(rays at almost normal incidence), the 

formula becomes:- 


B, Refracted Ray. 
1. Construction, 

Given an incident ray at a plane surface 
separating two media of ene indices of 
refraction uy and ug, ii is ou to de- 
termine geometrically the dir on of the 
refracted ray. 


IL ! 0 
7-1 Rare to Denser 52 we Rarer. 


a. Data. iy 
XY represents the me. (Y represents the refract- 
fracting surface. BW is Ohne surface, BW is the 


the incident ray. RD Rx d 
is the normal at tho كم‎ incident ray. RD is the 


point normal at the point W. | 
b. Method. NS Method. | 
(1) With contort Oe (1) With center W, and any 
any "(r.a ra- convenient radius r, 
dtes ir} meie, describe a circle, 
ing 4 ¿O at F. (2) With the same center 
(2) EN e same center and a radius Up p سوق‎ 
radius of "e. r, m 
u scribe a second circk, 
describe a second intersecting the ray 


Q circle. at H. 


(3) Through F draw FK (3) Through H draw HK nor- 
normal to the re- mal to the refracting 
fracting surface and surface and let the 
produce FK until it point where it inter- 
meets the larger cir- sects the smaller 
cle at H, circle be Y, FW pro- 

(4) HW produced (WM) rep- duced (WM) represents 
resents the refracted the refracted ray. 
ray. 

2. Proof 2. Proof, 


From H and F draw HR 
and FS parallel to the 
refracting surface, 
The angle BYR is the 
angle of incidence (i). 


From H and F draw HR and 
FS parallel to the re- 
fracting surface, 

The angle FWS is the 
angle of incidence (i). 


Now: = 
Sin i FS/FW 
Sin HWR RH/HW 
= FS „ = HR EU 
FW ^ RH d TS 
(Since FS = RH) (Since E 
= y = FW 
FW Se EW 
= a ¿O = T 
u 1 
1 O Uo r 
T ۰ 
$ m 
© 
۴ 8 NN = La 
Uy O 1 Ur 
C = 
SS az 
As this i deren As this is in accord- 
with 556117 NS then HWR=r ance with Snell's Law, then 


angle 
is the 


" 
N 
52 


acti 


of xe 
جيجه‎ ray. 


on); and WM 


MWD = r (angle of refrac- 
tion); and WM is the re- 
fracted ray. 


«Pia 
C, Critical Angle. 


1, Analysis. 

In diagram #2 of section B preceding, we 
see that the position of the normal HFK depends 
upon the size of the angle of incidence HWR, 
and that ihe position of H on the larger circle 
determines the size of the angle of refraction 
DWM, 

As HWR increases, the point F approaches the 
point K and the angle DWM increases. 

Finally we arrive at a limit where the point 
F coincides with the point K and HK is tangent 
to the smaller circle, 

When this limit is reached, the point M will 
be situated on the surface XY, and the direc- 
tion of the refracted ray will be along KW pro- 
duced (WM); just grazing the refracting sur- 
face. The angle of refraction will then be 
equal to a right angle. 

The angle of incidence HWR, this limit 
is reached, is called the ori ien angle, 

If the angle of incidence d the denser 
medium is larger than the ical angle, then 
HK will never meet ihe i circle and there 
will be no angle of re ion because there 
will be no emergent RA the light having been 
totally internally flected. 


2. Calculation. Q 


Sin sO) “e 
to 


OY Sin 909 Ue 


ERECTING 


AS 


CHANGE DIRECTION 
OF AA TARS 9o? 


PRISM BINOCULARS 
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> S indes 
. a Sine of the Critical Angle a 155227 IBEE 
greater index 


بره 


(Note:- When air is one of the media u, = 1, 


and the formula becomes: = 


Sinc s LL.) 
u 


3. Practical Application. 

The principle of total internal reflection 
is utilized by the employment of totally re- 
flecting prisms. These are rectangular glass 
prisms whose two other angles are 45% each. 

If rays of light are normally incident on 
either of the two mutually rectangular faces, 
they will pass into the prism unre€racted and 
will meet the hypotenuse face gi@gn angle of 
45%, This is greater than th itical angle 
for glass, so the rays nux totally reflect- 
ed at the hypotenuse fa will pass out of 
the prism at the other lly rectangular 
face, x 

This remarkable ان‎ is put to use to:- 
2, Change direction of a ray 


اوت نی 
b. Ere inverted image.‏ 
The in dents in which these prisms are‏ 
used o q‏ 
lantern.‏ »تمصع 
Prism-binocular field-glasses. '‏ 
N x following diagrams will illustrate their‏ 


ae د‎ 
Ò 
| AP 
AS 
A E 
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D, Refractive Imagery. | 
1. General. 

Looking &t &lmost normal incidence from one 
medium into another of different index, a per- 
son will see an object as if it were displaced. 
In reality he is looking st an image of the ob- 
ject, 

The direction of the displacement will de- 
pend upon whether the refraction is towards or 
away from the normal, 

"When a person looks from a rare to a denser 
medium, objects appear to bé nearer than they 
really are." 

"When a person looks from a dense to a rarer 
medium, objects appear farther away than they 
really are." 


Looking into Denser Medium Looking into Rarer Medium. 
2, Specific, 2. Specific, 
&, Light from the object a. Light from (the objec 
follows the paths OR follows EN paths = 
and OS, and OS 
b. In passing from a dense b. In peng from a rare 
to a rarer medium it is tq G)üenser medium it 
refracted along RB and ro along | 
SK. 9 and SK. 


c, To an observing eye the Se. To an observing eye 
light appears to have 0 the light appears to 


come from the point I, Q have come from the 
d. I is the image of O point I. | 
refraction of WANN d, I is the image of O by 
most normally nt. refraction of rays al- 
most normally incident, 
o, Calculation o $. Calculation. 
Sin i Sin i Us 
Sin r NW Sin r "s 
Sines HA angles are Sines of small angles are 
cqual ir tangents. equal to their tangents. 


Vy 
NM 
A 


: tan i u] : tan i Uo 
tan r == tan r ke | 
RC/CO u RC/CO ونا‎ 
RC/CI Ug RO/CI u] 
RC CI uy RC CI Uy 
— x A = = س‎ —— == = — 
CO RC ua co RC 5 
de on LE. 
CO u2 co ul 
u u 
cs. a er. e 
Distance _ ul . 2 Distance | u2 _ : 
of Image ~ ۳ Distance of Object. op Image ^ 0۳ Distance of Object. 
Apparent _ u 1 Apparent _ u S E 
distance ” = Roag distance, distance ” XY Distance, 


(Notes:- 
a, Since ug > uy; foc 
The image appears n 
er to the eye tha e 


object. x 
b. If air is one tne 
media, = 


uy = ES 


ES 
aS 
I 
SS 


Gptes:- 
ag? a. Since us u; fo 7 fy 


The image appears Tare 
ther removed from the 
eye than the objects 


b. If air is one of the 
media, 
uy = 1 and 
fo = uf) 


AIR gee =1 


c, Refractive imagery 
gives us a simple means 
of determing accurately 
the index of a liquid.) 


E. Displacement by Refraction. 
1. Perpendicular. 
2. Plate in Air (Parallel Sides). 
There will be two refractions; one at 
the plane BC and the other at the plane DK, 
The refraction at CB will make the image 
appear farther removed from BC = uf}, 
Distance of I from DK is now (uf, + 
thickness of plate) = (uf4 4 t). 
The second refraction, the one at the 
plene DK, will make I' appear nearer than 
I = uf rt 
u 
But the actual distance of O from DK 


= (f t) xS 


Hence, the amount of YE: displace- 


ment (4) = موی‎ ES t ۱ 
= uf] + O» - t 


u 
fer 
ce 
d 


m 


(soe This displacement, is proportional to the 

thickness of the plate, and by making "t" 

Gà as small as possible, we can make the dis- 
placement as small as we desire. ) 


X 26= 
b. Multiple Refractions, 
There are four refracting surfaces; BC, VW, 
DK and RT. The object "0" which is at a dis- 
tance f4 from the bottom of the vessel, is sep- 
arated from the free surface RT by a distance 
fi; a depth of water (d); an air space (s); and 
a thickness of glass (t), 
The position of ihe final image may be cal- 
culated as follows:- E 
(1) Refraction at BC will make the image of 
O appear farther removed to a distance = uf, 
and its distance from VW is now (uof4 t a). 
(2) Refraction at VW will bring the image 
nearer, to a distance = uf + d and its 
"2 
distance from DK = usfy + d 
) سسس‎ 
“a 
Wet t d + ugs 


7 SS 
i e 


(3) Refraction at DK will 6 the image 
appear farther removed to a xO anee = 


E ^ 4 9 25) 


+ ud Douce 


ts)s 


u 
= ( NN d. ) and its distance 
from the free Nace RI x 
Os فيد‎ © al Y ع‎ 
( - ) 
SO 2 


SS CES * ugd t m t ust 
NS üs 1 

0 (4) Refraction at the free surface RT will 
Ò bring the final image nearer, to a distance = 


NV 
N 
AO 


>2 7 


usuzfy t uzd + uouzS * “2t, rx 


usus fy * usd t UpUgS + Unt 


ها 
f1 t d t S t + =‏ = 
E Te‏ 


Rule:- "Divide the thickness of each refracting 
medium by its own index and sum the series 
to obtain the distance of the final image 
from the free surface." | 


2. Lateral. 


2. Explanation, 


at each of the parallel sur s of the plate, 
emerges along DF paralle its original direc- 
tion along the line 6 ON. 15 TE 

There has been an ghe displacement which 
is measured by the distance XD, which is perpen- 
dicular to both t final and original light 
paths. 


CJ is norm NS the surfaces of the plate and 
is also en o the thickness (t). 


b. CalculaBj ۰ 
The (ONngles CDK and CDJ have a side CD in 


BC is the incident ray, ud refraction 


n — » DK 
oP = Sin (i-r) and CD = Sin(i-r) 
CJ 


G 


= Cos r. and CD 2 E E 


Y CD Cos. ۲ 
SV 
OS 


7/5 ۵ + 9 ۵۶ zo, Fand furere ia 170° 
-70- يرق مر‎ | ۴ 


WE e D san 


ON rE خر‎ ARA gaaei EN Ne دود‎ 


/ $ 6 fa Ah eds te A ۷ £ Ó e Pu Are Lel 


fos resten vo 


rA e» 3 Auf | #@ 


JP a AÒ Ar tel Lo QA L4 the uet hun pum: full de / 
c 
5 TE hu 


b tet the hena Be VA‏ شاه 


ri Aldama! eta hy AL "t an. 
vn 7 27 lept. 

c. 25 her 12 e talar za, Cente hull 
ÛN میس‎ T 7 dere ۱ , Place 4 4 2 reds 


v tdi Y وميك‎ Nenndorf. 7 yy 4 
f 00 ۲۱۵۲ 10 ' «XO 
OS +90 -5 لمم به‎ 
; ERU. TU 255 
3, Po et Lune, b ? Crey >, مک‎ 7 5 
Corte Lon 4 de agro | ope Ampitta Ps Arten 
A 


un taok liza DU en -sayr 


Hu EaR E م‎ S 


/ 5 Ve 


i اذا‎ 
a ان‎ (5 ١ 


| A 
١ ١ lr i 


DE .: 


DK 


"The lateral displacement is proportional to the 
thickness of the plate, and by varying this thick- 
ness we can vary the amount of displacement as we 
desire." 


F. Compound Plate, 


"When light passes through a series of refracting 
media, with adjacent, plane, parallel surfaces, no 
matter what refractions have taken place, ihe emer- 
gent ray will be parallel to the incident ray if 
the medium containing the emergent rayxds the same, 
or has the same index as that conta 3 the in- 


cident ray." S 


1, Explanation. 

BCDFH is the path of a ys Which nara 
traverses two parallel pl with a common inter= 
face JT, The first 03 is the same as the 
last, having an index uj. 

AH can be proved, @& be parallel to BC. 

The angles of j ence, and the angles of re- 
fraction at eac ersurface are indicated in 
the diagram, her with the indices of refrac- 
tion of der اد جع‎ 


If the Eagle i = the angle A, then FH is 
N 


para Lely 


2. Proof 
hell's Law: - 


wae i 2 Bp S 
Gà ER Rc 


BC. 
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oin r u 
| QUSE > 
= — at JT 
vın ro Us 
Sin r u 
2 a at VW 
Sin A uz 
o 
Sin i oin rz Sin r u u u 
a & . ۲ 1 x - 2 = E x M x e 1 
sin ry Sin ro Sin A 1 2 us 
Sin i ES i 
Sin A 


Sini = GSinA 


BC and HF are parallel, 


K Multiple Images. 

۱ When there is but one reflectin obe as 
in a metal mirror, there will be one image. 
In a glass mirror, having two r cting surfaces, 
namely, the front surface of «O glass (BC), and 
the silvered back surface , there are multi- 
ple images of an object 

If a light source " Kee held near to the glass 

mirror, a series of ga: will be seen by the 


eye at "E. 
The first im is that which is formed by 
the front unsi éd surface (BC). 


The y ge ge و1‎ which is the brightest, is 
directly refiwcted from the back, silvered sur- 
face, 

x. Qe images, equally distant from each 
SS e formed by repeated internal reflection, 
som ght escaping after each reflection. 

The images become progressively fainter, the 

er of images depending upon the intensity of 
the light, 
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II. Inclined Surfaces (Prisms) 
A. Ray-Path (Graphical). 


1. Explanation. 
VXY represents the principal section of a 
prism, 
BC is the incident ray making an angle i; 
with the normal NR, 
It is reouired to construct graphically the 
, path of the ray through the prism. 
2. Construction. 
a. Produce the side XV any convenient length 
(say to T). 
b, With center V and any convenient radius r, 
describe a circle around the vertex. 
c, With the same center and a radius = "1 


describe a second circle äround the 
vertex. 
d. From V, draw VP parallel to the incident 
ray BC and meeting the inner circle at Pe 
e. Through P, draw JP normal to «fgjside XV 
produced and produce JP unti@jTt meets the 
larger circle at K. 
(VK is parallel to Opeth of the ray 
inside the prism, 
f. Construct CD parall VK, 
ge From K, draw KM n&mal to the side VY and 
intersecting theN\shaller circle at Q. 


h. Join VQ. 
(VQ is pafoNlel to the emergent ray.) 
i. Construct parallel to VQ. 


9, Proof. O 
VP emid to BC. 
<5 parallel to NR, 


sin 4, VJ/VP 


S Sin JKV Vom 
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This is in xe: C with Snell's Lew and since 
JVP = i, then JKV = ود‎ (angle of refraction). 


Hence, VK is parallel to the path of the ray | 
through the prism. 
Now:- | A 
VX is parallel to CD XS 


KM is parallel to ZR & 


۰ « VEN = To NS 


ce Sin ra _ VW/WK o 


Sin VOM VM/VO 


255. 


This is in accordance with Snell's Law and since 
VKM = ro, then VOM = ig (angle of emergent re- 
fraction. 

Hence VO is parallel to the path of the ray 
which will emerge from the prism, 


B. Analysis. 
l. Grazing Incidence. 

The position of the point P depends upon the 
Slope of VP, which in turn depends upon the an- 
gle of incidence i. 

As i, increases, P will move along the circle, 
drawing nearer to J and finally will coincide 
with J. 

JK will then be tangent to the inner circle 
and the incident ray will be parallel to VJ, 
that is, BC will then be grazing the surface XV, 

When this limit is reached, r and VKJ will 
each be equal to the critical angle (C) for the 
two media, 

2, Grazing Emergence. xS 

As i, decreases, D will move er M and 
finally will coincide with M, NS 

The emergent ray will the Q parallel with 
VM, that is, DF will be oe the surface VY. 

When this limit is r و‎ r9, and VKM will 
each be equal to the optical angle (C) for the 
two media. 


5. Grazing Incidence Emergence, 
There is a co on, depending upon the 
size of the ap ox angle (A) of the prism,when 
both JK and 11 be tangent to the smaller 


circle,  Thów4 the incident and emergent rays 
will be p&fllel respectively to VJ and VM, 
that is( there will be both grazing incidence 
and ing emergence at the same time. 

this limit is reached, the apical angle 
N“ 1 be equal to twice the critical angle for 


xo” two media (A = 2C). 
e inimum Deviation, 


eg) There is an intermediate position of the 
SV 


S 
9ن‎ 


„Bin 


point K, where KP = KQ, This is when the line 
VK bisects the angle YVT. 

VK is then parallel to the base XY, and VPJ 
is then equal to VQM, 

Under these conditions, the deviation pro- 
duced by the prism is at its lowest (minimum 
deviation). 

3 Then a z io; ry = Fo; and CD is parallel 
to XY, 
(Note:- 
It is an instructive exercise to construct 
graphically diagrams illustrating the con- 
ditions mentioned in the foregoing section.) 


C. Minimum Deviation. 
1. Explanation, 

The principle of the reversibility of 
light-path demonstrates that when a ray of 
light passes through a prism set forn minimum 
deviation, that ray will pacta oe prism 


symmetrically. Q 


" BON = FDZ x 


RCD = RDC. N 
2. Deductions. e 


a. Part L 


a= (i-r) p@-r) 


bx II, 
$: + (VCD) + (VDC) = 180? 
à A + (90-r) + (90-r) = 180? 


Ò A + 2(90=r) 
4S A + 180-2r 


1800 
1809 


6, Part III, 


Sin i Uo 
AGF . M 
Us = Sin A 
ul Sin r 
cus à d 
oin 
wy pn ELS) 
ui Sin (5) 


and when sir is the surroundingdgdiu, as 
in the case of ophthalmic AC uy = 1 


and the formula becomes:- < 


D, Acute-Angled Prisms. رم‎ 
When dealing wi Ohrati-angled prisms (A = 10° 


or less), we 60۲ ۲ the sines. The formula in 
the u Se) ion then becomes:- 
۸ + 4 


— 


Ove = 


4 
Pr 

a Dein 
u. 


~\ Koa ES 2 
NOS T AE 
6 u"u 4828 

وص مد ع + 


-$5- 
ui * ۸ + 4 
uA-A * d 


A(u-1) = 4 


| C 
| d = (u-1) A | E 


E, Degrees, Centrads and Prism-Diopters. 


For small angles, Centrads and Prism-Diopters 
are approximately equal. 


= l Radian 
1 Centrad ^00 il 


2" Radians = 360 


1 Radian = 560 = 180 = 57 30 
2T LJ 


1 Radian _ 57.3% 
100 — 300 


If .573% = 1 Gentrad or 1 nn 
1 2 P.D 
gg PD. = 1 Qr. D. 


But: - CN 


d = (u-1) AK 
red (Centrads 19; 1,745 (u-1) A. A 


„573° 


then 1° 


F. Resultant Prégns. 


i. mie ن‎ 
Be 


N In optometric practice we are dealing with 
a combination of prisms in which the com- 
Oo ponent prisms are always at right angles, 
Ò (2) Prism powers, like mechanical forces, can 
be represented by straight lines drawn 


"552 


to scale, so thet & combination of prisms 
in an ophthalmic prescription is based 
upon the mathematics of a right triangle. 


(3) Resultant Prism = / (1stP D)^* (2nd PDF X 


b. Base - Apex Line, 


(1) The base-apex line of the resultant 
prism will always be between the base- 
&pex lines of the two component prisms, 
that is, between the horizontal and the 
vertical, | 

(2) The angle of inclination which the base- 
apex line of the resultant prism makes, 
with the base-apex line of e separate 
component, is that part os $$ xpressed 


by the ratio of each pri parately to 
the combined sum of MC 


Thus:- x 


(3) lesser angle is nearer the stronger 
sm and vice versa, 


La €f MÍ 


a, ount. 
N (1) Divide the right and left fields (pa- 
tient facing you) by a vertical line 


O (median line). 
۱ w 


adi. 


(2) Mark & dot to represent the center of the 
pupil of the eye under consideration. 
(3) Draw a horizontal line to scale (lem = 

1 P.D.), in the direction of the base of 

the horizontal component. 

(4) At the "base" extremity of the above line, 
| erect a perpendicular to scale (1 cm = 
1 P.D.), in the direction of the base of 
the other component, 

(5) The sloping line connecting the "free" 
end of each of the two component lines 
will give the power of the resultant 
prism if measured in the same units as 
the scale, 

b. Base-Apex Line. 
The angle which the hypotenuse makes with 

the horizontal component, measured with a 

protractor, will give the direction of the 

base-apex line of the BEER E when 
compared with the KE 


E 3. Trigonometrically. 3 
By means of em re may calculate 


the power of the resultagy prism and determine 
the slope of its base line even if the 
component prisms S at right angles. 


a, Data, 
(1) The ba ex lines are inclined to each 
other ACH angle (A + B). 
(2) Com the parallclogram, 
Ad y — س‎ through the point common to 
pe Po represents the power of the 
daped prism, 
culation. 
Amount. 
SÍ 
= Joz + 2 


+ ZK? 


o 27 (cb + m) + 2K 


But :- 
DZ — — 
سب‎ = Cos (At B) and DZ = Po Cos (A + B) 
5 


-z Sin (A + B) and 2K = P, Sin (A # B) 
2 


۳3 
PN 


(P + Po Cos (At 8))^* (P, Sin (A + B 17 


3 + 2B y 20005 (A + A+ 8(+ Pa Cos" (A +B) + B Si n^ (At B) | 


2 
P. + 2P,P,Cos(A +B 


) + P, (Cos (EF B) + Sin’ (EF 3)) 


2 2 | 
= T | 
P? + BU + 2 P,P,Cos GEN | 


* Cos (AW* B) does not mean the cosine of the sum of 
5 gles A and B; but it does mean the cosine of 
£le angle whose value is equal to the sum of 

Oana B 


Y 
SV 


N | 
< SS | 


(2) Base-Apex Line. 
tan A=  ZK 
ZC 
<= ZK 


— (ZD + DC) 
Po Sin (A + B) 


~ PB Cos (ABP, 


Py Sin (A + B) 
Py+P¿Cos (A + B) 


(Note :- 
When (A + B) = 90 ; Sin (A + B) = 1 and 
Cos (A * B) = 0; and the formula becomes:- 


«e 


tan! Pg _ Vertical Compo‏ = م 
Py — Horizontal 0 nent. )‏ 


Division of Resultant Pris. O 


a. A resultant prism is usa) y divided equally 
between the two eyes. 

b. The base-apex line © he one prism is exactly 
180% away from th@pase-apex line of the other 


(diametrically psi te ie 


III. Curved Surface ( le Refracting Surface). 
A, Abscissa Hgugtion. 


1. Data o 1. Data. 
OT is the å Oaent ray. OT is the incident ray. 
SVR is qi rente re- SVR is the spherical re- 
fra N surface (Cx). fracting surface (Cc). 
TC S he normal to the TC is the normal to the 
ce, surface. 


is the refracted ray. TI is the refracted ray 
produced. 
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Angles, distances and Angles, distances and 
indices are marked on indices are marked on 
the di&gram. the diagram. 

Es Proof. 2. Proof, 
Sin i uo 


— 
— 


Sin r Ui 
uy Sin i = uo Sin r ۱ in i us Sin r. 
u Sin (btd) = ود‎ Sin (d-e) u, Sin (d-b) = u,Sin (d-e) 
For small angles we may omit For small angles we may 
the sines, omit the sines. 


Uy (btd) = Us (dee) Uy (d-b) = u,(d-e) 


Substituting the tan. Substituting the tan, 


۲۳۲ 4 LIBERA! es T (TY 
۷ (YO YE) 2 (YO - YT) UM - Yo) ~ PA (YO 


E 11 a (1 & (i 
BO WMD um" CH 


For paraxial rays, Y and V ne Oe: rays, 
n 


&re coincident. S, incident. 


= $ 1j (1 1) 

92 (WO ^ VI NE (TC 7 v0)” 
) 
) 


(1 (1 
s a AE. 


T 


n 


The above are similar in form but different in 


signs. 


Keeping in mind the difference in signs, we 


may express this formula in one standard form:- 


B, Analysis, 
When the object is re- 
moved to an infinite dis- 
tance from the surface, 


w and fo becomes a 
cO 
principal focus Fo. 


mente u u u 
6 + = £ 1 


the 


When the image is formed 
at en infinite distance 
from the surface, — 

e Pa | 

and f, becomes a‏ 0 =— سب 
A co 1‏ 


principal ge: 
Then:- © 


used OMM two entirely different measurements; 
Ni s of curvature and the angle of refraction. How- 


ev since these two never appear in any formula to- 


Deo 


(Note:- (Note:- 

When air is the sur- When air is the sur- 
rounding medium, the rounding medium, the 
formula becomes:- formula becomes:- 


=, 
A 


upr 
Po UB. mamar | 
2 uel /' 


IV. Double Refracting Surface (Lens) 


A. ST is an incident ray proceeding from a point an 
infinite distance sway from the surface BC. 


At T the ray is refracted in the direction TZ 
and if allowed to proceed would have focussed at 
Po. E, is therefore the principal focus of the 
single surface BC, | 


But the ray TZ is intercepted by the concave 
surface DK and is refracted again and vn to a 


final focus at F, TF is therefore 3 incipal 


focus of both surfaces combined; t is of the 


convex lens. 


Calculation, 
1, Refraction at BC, 


111 
E ۴ 
2 3 Q 


Refraction at 


Since DK i NASE with respect to the ray TZ 
we must €) minus sign. 


K hen | 


This is the fo Or & double refracting sur- 
face when immersed NV another medium, say a liquid. 


(Note:- When Ke) Surrounding medium is air, the 


V. Problems, 

l. The velocity of light in air is approximately 
186,000 miles per second. How fast does it travel 
in alcohol of index 1.363? 

2. Assuming that the velocity of light in air is 
$0,000,000,000 cms. per second, calculate its 
velocity in water and in glass, 

A ray of light is refracted from air into a medium 
of index سس‎ the angle of incidence being 45^, 


Find the angle of refraction. 
Find the angle of incidence of a ray which is re= 
fracted at an angle of 30? from air into a medium 


of index P : œ 


Calculate the values of the critica] angle for 
each of the following pairs of media:- 

(a) air and glass; 

(b) air and water; 

(c) air and diamond. 
Draw diagrams accurately to scale measure the 
critical angle in the cases give problem #5 
(glass zz 2/2: water = 4/3: XE dx 5/2). 
A bird is 36 ft, above the ce of a pond. How 
high does it look to T Who is under the 


water ? < 
What is the apparent dE of a pool of water 8 ft. 
deep? 
Explain how you c determine accurately the 
index of refra (Ln of a liquid. 
If an object ed normally through a plate of 
glass with 619۳۲6 parallel faces, seems 5/6 of an 
inch — an it really is, how thick is the | 
glass? 
A lay f ether (u = 1,36) 2 cms. deep, floats on 
a 6 of water (u = 1.33) 3 cms. deep. What is 
tiNWpparent distance of the bottom of the vessel 
low the free surface of the ether? 
e height of & cylindrical cup is 4 inches and 
its diameter is 3 inches, A person looking over 
the rim can just see a point on the opposite side 
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2.25 inches below the rim, But when the cup is 
filled with a certain liquid, looking in the same 
direction as before, he can just see the point of 
ihe base farthest from him. Find the index of the 
liquid, 

A fish is 8 ft. below the surface of a pool of 
clear water, A man shooting at the place where 
the fish appears to be aims at an angle of 45°, 
Where will the bullet cross the vertical line that 
passes through the fish? 

A pin with a white head is stuck perpendicularly 
in the center of one side of a flat circular cork, 
and the cork is floated on water with the pin dom- 
wards. Assuming that the head of the pin is 2 
inches below the surface of the water, find the 
smallest diameter the cork can have so that a per- 
son looking down through the water could not see 
the head of the pin. ; 

Why does the part of a stick obliquelxAmersed in 
water appear to be bent up towards PRA surface of 
the water? (Illustrate by & diagr | 
À cube of glass of index 1.6 is ced on a flat, 
horizontal picture, Where dos CX e picture appear 


to be to an eye looking "OR cularly dom upon 
it? e 
A ray of light, refracióq From air into a parallel 
plate of transparent r@yacting material 2 inches 
thick, makes an angXQ,of 45° with the normal after 
refraction, The endicular displacement of the 
emergent ray i E S What is the index of re- 
fraction of t Nessrtait 
Illustrate or the passage of a ray through 
a prism ۵: 

(a) جهن‎ incidence; (b) Grazing emergence; 


19, at when a ray of light passes through a 
set for minimum deviation, the angle of 


p 
ergence equals the angle of incidence. 
e refracting angle of a prism is 60? and the 


S index is afi Show that the angle of minimum 
E A? deviation is 30°. 
S 


j Y y 


" 


he 
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Find the angle of minimum deviation in the case of 
a glass prism (u = 1,54) of refracting angle 60°, 
The minimum deviation for a prism of refracting 
angle 40° is found to be 32° 40°. Find the value 
of the index of refraction. 

What must be the refracting angle of a flint- 
glass prism (u = 1.6) to produce the same deviation 
as is obtained with a crom-glass prism )12 1.5) 
whose refracting angle is equal to 6%? 

A glass prism of index 1.5 has a refracting angle 
of 59, What is the power of the prism in prism- 
dioptries? 

The power of a prism is 2 prism-dioptries and its 
index is 1,5. Find the refracting angle in 
degrees. ^ 

A prism of refracting angle 1% 25 bends a beam of 
light through an angle of 1° 15^, Calculate the 
index of refraction and the power of the prism in 
prism-dioptries. 

Combine the following prism cerros idit nto one 
prism, divide it equally between thQ Wo eyes and 
calculate in what meridian the poes lines 
must be placed. xO 


8% base i 0,5, 


£^ esch over 0,D, 


Solve problem #27 by@ graphical method. 
Calculate trigono ically the resultant of two 


prisms: one NS up and in at 20% and the other 
n 


of 3% up {n at 509. Where will the base- 
apex line ofthe resultant prism be? 

Light tae on a concave surface separating water 
(u = O from glass (u = 1.55) is convergent to- 
MS point 10 cms, beyond the vertex, The ra- 
did f the surface is 20 cms. Find the point 


zero the refracted rays cross the axis, 

1, mall air-bubble in a glass sphere, 4 inches in 
diameter, viewed so that the speck and the center 
of the sphere are in line with the eye, appears to 


.AQ 
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be one inch from the voint of the surface nearest 
the eye. What is its actual distance, assuming 
that the index of the sphere is 1,5? 
. Assuming that the cornes of the eve is a spherical 
refracting surface of radius 8 mms, and that the 
index of the aqueous humor is 4/5, find the dis- 
tance of the pupil of the eye from the vertex of 
the cornea, if its apparent distance is found to be 
$,04 mms, 

Caleulate the amount of astigmia in diopters, pres- 
ent in a cornes, whose radius in the 1809 meridian 
is 7.5 mms, and in the 90? meridian is 8 mms. 

(u = 1.33). 

Show that the principal focus of an equi-convex 
lens of index 1.5 is ecual to the radius of either 
surface, 

A convex lens has a power of + 5D when in air and 
of + 1D when immersed in a liquid. What is the 
index of the liquid, if that of the 1 is 1.5? 
Show that the focal length of a thi o-convex 
lens is twice that of an equi-con lens, if the 
radii of the curved surfaces ar equal in mag- 


nitude, xO 
A convex lens has a focal sQ of 24 inches and 
an index of 1.5. If the ids of one surface is 


6 inches, what is the pius of the other surface? 


-48- 
CHAPTER III. 
LENSES, 


I. Thin Lenses. 
A, Images (Geometrical) 


1. From each extremity of the object draw two lines: 
a, One parallel to the axis which refracts 
through the P.F. 
b, One through the 0,0. which passes unrefracted 
through the lens. 
2. The point where each pair of lines intersects 
(positively or negatively), is the image of the 
point from which the lines proceeded, 


B. Conjugate Formula. 


triangles ABC and A'B!C ia and A'B'C 


similar. جیوه‎ 
triangles DCF and A'B'F 
similar, 


AB _ BC DE _ CF 3 s 
۰7۳۳۲۳ = Bre & 7۳۳۲۲ = BTF = = E & 175 


Since AB = DC O ince AB = DC 


BC CF BC 


fF - fifo = fF 


p by £,f,F Dividing through by f,f,F 


f 
ar 


EET EEF EEF 
EEF EEF f, LF 


These two formulae are similar in form; differing 
only in signs. Making proper allowance for signs, 
we may express the two by one standard formula, 


(Note : > 
This same formula applies oth lenses 
and mirrors; convex or con . 
The kinds of images f by a convex lens 
are similar to those d by a concave mir- 


ror; and those form a concave lens to 
those formed by a ex mirror. ) 
C. Magnification. كم‎ 


A 


qn = s سل‎ of previous section). 


f 


(Note: The above formula is identical with that 
for mirrors. ) 


D. Newton's Formula. 


Sir Isaac Newton evolved a formula connecting 
the conjugate points on the axis of & lens, taking 
into &ccount the distance of each conjugate from the 
nearer principal focal point. 

This formula is useful when it is more practic- 
able to measure the distance of the object and its- 
image from their respective principal foci, instead 
of the optical center of the lens itself, 


l 


1 
ET m QA 
7 


mS 


x) (F + y) ge: y) + F(F + x) 


A. 

F 

d. 

: N 
Z SS AOS 
- F + x) ) y? 
(F + 

F + 


= 72 + Fy + FÊ + Fx 


"Th Ware of the principal focal length of a lens 
is\etual to the product of the distances of the 
ct and image from their respective principal 


E. Magnifying Power. 


If a convex lens is held so that an object comes 
within the principal focus, a virtual image is seen, 
which is larger than the object. The amount of 
magnification may be calculated as follows:- 


By convention, the image is supposed to be found at 
a distance of 10 inches from the lens, 


fi 


10 


10F/10+F 


10(10+F) 
10F 


10+F 


(Notes: - 
l. If the lens is held a small distance d 
from the eye, the formula becomes:- 
10-d 


U = + " 
er xS 
An error of refraction in th server's eye 


will also change the magni g power, With an 
emmetropic eye, the fo is simplified to 


= +). E 


F, Optical Center, 


le Definition, 
"The op s of & lens is that point 


where the ining two homologous points 
crosse Qus 
2. Calcul 
er TC, are radii of the respective sur- 
$ ces, and are parallel, The lens thickness 
SS is represented by t, and the radii are r4 
and ro respectively, 


The triangles RC, 0 and TCO are similar. 


Considering paraxial rays only; R end T coincide 
respectively with V4 and Vo. 


PE 
+> 
> 
d. 


5 5 1 
r,t r740 لاو‎ 0 


4 
(ri ry) vo 


Similarly, 70 Y 
1 Y» 2 E = 2 
2 
م‎ 


Y 
3, Graphical A 
a. Const) the principal section of the lens 
wit its radii and its thickness drawn to a 
nient scale. 
w a radius to each surface, parallel to 
ach other, and join the homologous points. 
The ratio that V0 bears to the thickness as 


measured by the scale, multiplied by the ac- 
tual thickness of the lens, will give the 
position of the O.C. of the given lens. 
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G. Back Focal Distance (Effectivity). 


l. Altered Position. 

If a lens of focal length F brings parallel 
rays to a focus at a certain plane, then advanc- 
ing ihe lens & distance d, vill advance the focus 
the same amount. 

The same effect is produced if the original 
lens were replaced in its first position by & 
lens of focal length (F-d), 

The power of the second lens is called the 
effectivity of the first lens after displacement, 
when referred to the original plane before dis- 
placement. When displaced through a distance d, 
the effectivity is expressed thus:- 

1 


"7 (for a convex lens) 


1 
fg (for a concave a 


After advancement:- 7 
a, A plus lens i ses its 


— لي‎ 
b, A minus © ecreases its 


.) 


We may, making due miss for signs, express 
the two equations@pove as one standard equation. 


nO; 


effe cy 


2, E. SS Effect. 
altered effect of a lens moved from one 


SE to another in front of a plane is the 
fference between its effectivity in its origi- 


Gl and in its new position. 


> 


5. Two Lenses, 
a. Contact. 
The combined power of two thin lenses in 
contact is equal to the sum of their individ- 
u&l powers, 


b. Separated, 
If the two Lene are separated by a dis- 
n 


tance d, the resu t effect of the combina- 
tion is را ی‎ he sum of the power of the 


one and the aem etive apr of the other at 


the plane he first. 


H. Equivalence, 
Any number of lenses can always be replaced by 
a single lens which will give the same amount of 
magnification as the combination. This single lens 
is called the equivalent lens. 
l, Data 
Lj and Lo are two thin convex lenses, separ- 
ated by a distance d. A ray BC, parallel to 
the common axis, is focused by L, towards Fi; 
but on passing through L, is finally focused 
at Fg. 
Produce BC forwards and FLD backwards until 
they meet at P,,. 208015 one e equiva- 


lent planes where ihe TOS lens would 


be situated. 
S 


2, Calculation. 


EPs PoE. 


Sa =. = 
Vo*g DV, 


(Note :- O 
N; e distance of each equivalent plane, if 
itive, is measured towards the other lens; 


- if negative, away from the other lens. ) 


Ò e equivalent thickness, or optical interval, is 
Q expressed by the following equation. 


II, Thick Lenses. 


A, Focal Length. 

A thin lens is one which is regarded as having 
no appreciable thickness in relation to its focal 
length; so that the refractions caused by its two 
surfaces are presumed to have taken place at the 
plane passing through its optical center, With a 
thick lens, this assumption is not permissible. 

The expression of the focal length of a thick 
lens is a combination of the formula for a double 
refracting surface and thai for the amount of dis- 
placement in a line perpendicular to the faces of 
a refracting surface. 


B, Vertex Refraction. 
1. Vertex Dioptry. 

When light from & object reaches the eye, 
the final positigp of the image seen depends 
upon the kinds the amounts of refractions 
which S lace along the path of the 


light. 
In ug fuse of & thin lens, there is supposed 
to PE O one refraction, and that is at the 


pl AY the 0.C, of the lens. 
hier lens however, produces two refrac- 
Sens: one at the anterior surface (that nearer 
WS source of light), and the other at the 
posterior surface (that nearer the eye). The 


extra distance from the optical center to the 
posterior pole (vertex) must now be taken into 


«59e 


This extra amount of glass produces the 
effect of adding plus power to a lens as 
measured in the ordinary dioptry system. In 
the vertex system therefore, plus lenses have 
their powers increased, while minus lenses have 
their powers decreased a certain amount. 

The amount of this change is given by the 


KER where t is the thickness‏ تیف 
u‏ 


of the lens in meters, u is the refractive in- 
dex and D, is the dioptric value of the surface 
nearer the light-source, 

The new vertex value of a lens compared with 
its value in the dioptry system is expressed as 
follows: | 

D= Dj + Da (dioptry system). 


Neutralization. 

When neutralizing a lens is best to place 
the neutralizing lens in sO ct with the pos- 
terior surface of the o be neutralized, 

In lenses of toric fo his is impracticable; 
so the neutralizing “ens is held in contact with 
the anterior surfa This changes the vertex 
formula a little(Qjsubstituting D, for D, in the 
extra portion Kino formula, 


(Neutralizing) 3 7 


> tara a Formula. 


EN 


The use of the vertex formula to ascertain 
he vàlue of D4 when all the other values are 
known, involves the solution of & ouadratic. To 
avoid the use of & quadratic, the following 

alternative is offered:- 


(alternative) 


III. Problems. 


1. 


7. 


9 
> 


An engraver uses a magnifying glass of focal 
length + 4 inches, holding it close to his eye, 
At what distance must the lens be from the work 
so that the magnification may be fourfold? 
Assuming that the optical system of the eye is 
equivalent to a thin convex lens of focal length 
16 "/ms; what will be the size of the retinal 
image of a child 3 ft, 4 ins. high at a distance 
of 15 meters from the eye? 
The distance between an object and its real image 
in a thin lens is 32 inches. If the image is 3 
times as large as the object, find position 
and focal length of the lens. 
A far-sighted person can see di Q@net1y only at 
a distance of 40 cms. or more ow much will his 
range of distinet vision bay Oereased by using 
speetacles of focal Lona 32 cms? 
An object is to be placed)im front of a convex 
lens of focal length inches, in such a posi- 
tion that its image Q ‘magnified 3 times. Find 
the two possible itions of the object. 
Light from an t 20 inches in front of two 
lenses in CORN focuses 40 inches behind the 
combinati 

When dus) of the lenses is removed, the light 
focuse C4 7 inches back of the remaining lens. 


38 


What the dioptric power of the lens removed? & 3 


Li from an object 4 inches outside the anterior 
Ne i pa1 focus of a convex lens is brought to a 
cus 16 inches beyond the posterior principal 

focus. What is the focal length of the lens? 
What is the magnifying power of a + 20D lens in 
the following cases:- 


11. 


"a 


14, 


15, 


16. 


17. 


18. 


«Ele 


(a) A hyperope whose distance of distinct 
vision is 16 inches, 
(b) A myope whose distance of distinct 
vision is 6 inches. 
(c) An emmetrope whose distance of distinct 
vision is 10 inches. 
Calculate the position of the O.C. of a double 
convex lens of radii 25 cms and 5 inches, and 
whose thickness is 6 "/ms. 
Calculate the position of the O.C. of a meniscus 
lens under the following conditions, if its 
thickness is 4 ۰ oa os 
(a) Radii + 10" and - 6”, 
(b) Radii + 6" and - 10”, 
Solve questions #9 and #10 graphically. 
What is the power of the single lens which is 
equivalent to a - 5D lens and a - 4D lens sep- 
arated by a distance of 2 inches? 
What is the equivalent single lens of the follow- 
ing conbination;- a + 5D lens and 2D lens 
separated by a distance of 25 ۷ vt^ 
A - 10D lens is held by & spect & frame 20 ems. 
from the eye. What is the eff«eXivity of this 
lens at a plane 15 "/ms. fragQhe eye? 
What is the change of erp io moving & 10D 
lens from & position 1 s. in front of an eye, 
to a position 20 "'/ms,Xn front of the eye, if:- 
(a) The lens is cobwex, 
(b) The lens i ncave. 
What is the fo 2 ngth of a thick biconvex lens 
of radii 10 c S nd 6 cms, respectively, if its 
index is a its thickness is 3 cms? 
A + 4D 160۵25 ground on a = 6D base and has an 
index SD 52 and a thickness of 4,56 mms. What 
is its@dwer in the vertex system? 
Wh, N ns from the trial case will exactly 
pros Depa a lens 5.5 ™/ms. thick, of index 
3, ground on a -6D base, with a + 11, 5D 
side curve? 


Gta 


19. What power must be given to the anterior surface 
of a lens ground on a - 6D base, so that its 
vertex refraction is exactly + 5.5D, if its 
thickness is 5.5 Yms. and its index is 1.523 
(check your result). 

20. 


Solve problem #19, using the alternative formula. 
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CHAPTER IV, 


APPLIED OPTICS. 


I, Laps and Lens Measures. 

When a grinding tool or a lens measure is made, it 
is made to be used on glass of a specific index, If, 
for any reason, either is used on glass of a different 
index from the specified one, the power of the curve 
ground, or the one measured, will not be the true 
power, as indicated by the lap or lens measure, To 
determine the true power, a calculation must be made, 

The radius produced is constant, let us say r. 

Let Dp be the real dioptric power produced or 

measured by either agent on glass of up. 

Let D, be the apparent power produced when used on 


glass of index u,. 


From the formula of a single refracting sprface:- 


= Yt and ys "ucl xS 


© 


+ 


"me NN of the real dioptric power to the appar- 
ioptric power is equal to the ratio of the 
XX: al part of the real index to the decimal part 
f the apparent index," 


“Ii. 


IV. 


III, 


An 


Powers in Oblique Cylindrical Meridians, 

A cylinder has two principal meridjans: one in 
which there is no power (axis) and the other in 
which the power is at a maximum, Between these 
two meridians, the power varies from meridian to 
meridian, 

The power in any meridian (Dy), of any cyline 
der (D,), when that meridian makes an angle (a) 
with the axis of the cylinder, is calculated from» 


| Dy = De Sin* Be | ul 0 
Tilted Sphere, 


When a spherical lens is tilted forward before an 
eye, this tilting introduces slight cylindrical power 
into the lens. 

The amount of cylinder developed (D, ) depends upon 
the power of the sphere (B_) and the an eH tilt 
(b). 

When tilted through small angles a hen small 
spherical powers are in question, ount of 
cylindrical power introduced by t ilting is calcue 
lated from the following = 


Obliquely Crossed 2۳ 

Optometrists imes find it necessary to pre- 
scribe reen ose axes are not at right angles 
to each WIS on is not an easy matter to grind a 
lens in SS It is better to find the equivae 


lent sp nidos compound which will have sxe 
actly eme optical effect as the obliquely crossed 


TS 
a en is to transpose:- 


Dj cyl. ax bo Dz cyl. ax. (b + a) 


into 
S sph. I C cyl. ax (b + x). 


A. Trigonometrical Solution. 
Dj denotes the power of the obliaue cylinder 
whose axis-slope is the smaller of the two. 


a = the angle between the axes of the two 
oblique cylinders, that is, (axis slope of Dy - 
axis slope of Do). 


C = power of the cylindrical element of the 
final sphero-cylindrical compound. 


x = the angle to be added to the smaller axis 
slope of the oblique cylinders, to give the axis 
slope of the cylinder in the final sphero-cylin- 
der compound. 


S — the power of the sphere in the sphero- 
cylinder compound, 4 


ef 2 


B. Graphical 6o}ution: 
l. برت ی‎ the Resultant Cylinder. 


a, spose so that both cylinders have the 
5 e sign (preferably +). 
SS Find the angle between the axes of the two 
oblique cylinders, double it, and subtract 
Gà the doubled angle from 1809. 
> C. Draw two straight lines containing the 
angle given in (b). 
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d. Using & convenient scale, mark the power of 
one oblique cylinder on one line, and the 
power of the other oblique cylinder on the 
other line, 

(Note:- The lines will not be parallel 
to the axes of the oblique cylinders) 

. o. Complete the triangle. This third side gives 

the power of the resultant cylinder. 

2. Axis of the Resultant Cylinder. 

a. Measure, with a protractor, the angles that 
this third side makes with each of the other 
two cylinders, and divide each by 2, 

(Note:- The sum of all three angles of 
the triangle must equal 1809), 

b. The axis of the resultant cylinder is the 
number of degrees away from each oblique 
cylinder axis, as given by the division under 

(a); the resultant angle, by addition or 
subtraction, being the same in each 
case, 

(Note the angle and is from 
which it is to b sured, are 
adjacent to ea her, ) 

3. Power of the Sphere, O 
a. Add the powers of the que cylinders, sub- 

tract the power of eS esultant cylinder 
from their sum, ide by 2. 
(Note:- This es the sphere resulting 
pos combination of the two 
Lil y crossed cylinders. ) 

b. Combine the@pkere given by (a) with the 
original ere of the transposed Rx (if | 
there €) ne), and this gives the resultant 
sphe f the final sphero-cylindrical com= 
pout 

4, 5 “Cylinder Compound, 

De. above gives the power of the resultant 


cylinder. 
A». 2,b. above gives the axis of the resultant 


S? cylinder. 


Ce 3,b. above gives the power of the resultant 
sphere. 

d. Combination of the results above will give 
the final Rx. 


V. Lens, Object and Image. 

An interesting problem in applied optics is to 
find the position of a lens for a given distance be- 
tween an object, and its image formed by that lens. 
The solution involves a quadratic, 

The general form of the final equation is evolved 
as follows: = 


d = distance between object and its image. 
f4 distance of object from the lens, 
(d-f, ) = distance of image from the lens. 


F = focal length of the lens. 


———————— — n 


—— P 


This is Diratio in fi and since d and F are 
known NY can determine the value of f,, which will 
give Nine position of the lens. 


S? 


45 


=(-d) + May - (4x1xdF) 


f > 

1 22 2 
a+ a^ - aar 

Ey 3 mmm tm 


IV, Problems. 

| 1, A surface grinder is presented with a piece of 

| glass of index 1.6 and is asked to grind a + 12D 

| curve on one side, The only laps available are 

| those made for glass of index 1,5. What lap must 
| he use to produce ihe required curve? 

2. A meniscus lens of index 1.6 has powers of + 12D 

and = 6D when measured with a lens measure. But 

| the lens measure is calibrated for glass of index 
| 1,5. What is the actual power of the — 

۱ 3. What is the power in each of the gi ridians 

of a + 5D cylinder:- 


Q 
(a) 15°; (b) 30°; (c) 459; (a) ana (e) 759, 


| 4, What is the amount of the Miri cal effect pro- 
duced by tilting the given es through 5% and 


| 

| 10%;- x 

(a) + 2D; (b) + 5D; MESE $ x 1809; and 
(d) + 20 + 2 x 909 


E 5. Determine the eG Tent sphero-cylindrical combi- 
nation of ea the following:- 


(a) + MC 003 - 2,75 ax 65° 
(b) - 2. x 30° ++ 1,75 ax 909 


| (c) (ENS ax 70° ©+ 2,00 ax 20° 
| Ne ax 10% + 4,00 ax 60° 


So 
| Qj (f) - 1,75 ax 120977 + 1,25 ax 135° 
SV 


MENS 
NN en 


+ 4,00 ax 609 C= 4,00 ax 120° 


(g) + 2.25 ax 40 Ce 4,00 ax 115° 
6. Solve each of the problems in ruestion #5, by a 


graphical method. 
7. Where would you place the following lenses so that 


the distance between the object and its image 
shall be as indicated:- 
(a) 7 inch lens with object and image 36 inches 


apart. 
(b) + 8D lens separating object and image by 21,8 


inches. 
(c) - 10D lens with 13.33 inches between object 


and image. 


Finis. 
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